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RESEARCH MEMORANIUM

A wIND-TUNNEL INVESTIGATION OF TEE AEROINNAMIC
CHARACTERISTICS OF A FULL-SCALE SHREPTBACK PROPELIFR
AND TWO RELATED STRAIGHY PROPELLEBS

By Albert J. Evans end George Liner
SUMMARY

An investigation of an BACA 10-{1.T7)(062)-057-27 two-hlede swept
propeller has been conducted in the Langley 16-foot high~speed tumnel

over a range of blade-angle setting from 20° to 60°. The waxfwm valie
of hellcel tip Mach number wes sbout 1l.15.

Two related straight propellers were also tested owver the s=me
operating range as the swept propelier. The straight propellers were
tested for comparison purposes to evaluaste the merits of the sweptback-
blade design. At the design blade-angle setting the swept propeller
mainteined its low-speed level of maximm efficiency to a welmne of
helical tip Mach mumber that was about 6 percent higher tham thek for
the streight propellers. Resulis of the tests 1ndicated, howewer,
that the range of operation where the sweepbeck may be desirshle for a
propeller design is very narrow. When the propeller was operetimg st
the design condition, the power absorbed by the swept propeller was
only 50 percent of the design power ccefficlent, whereas the stralight-
blade propellers ghsorbed close to 100 percent of the power for which
they were designed. .

IRTRODICTTON

Numerous Investlgatlions of the effects of sweep on the aercdynamic
characterlstics of wings have shown that the ocnset of the adwverse effects
of compresslbllity can be delayed by sweep to apprecishly higher free-
stream Mech numbers. Since a propeller blade Is essentially a xotating -
wing, the incorporation of sweep In a propeller would therefore be expected
to delsy the onset of compressibllity loeses of the propeller to higher
tip speeds. Investigation of the effect of sweeplng the tips of = pro-
peller (reference 1) indicated that the use of sweep in the deglign of a
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propeller blade should give improved performsnce at high propeller tip
speeds. Results of flight teste (reference 2) and other wind-tunnel tests
(reference 3) of a sweptback propeller did not show any significant delay
in the adverse effects of compressibllity on propeller efficiency through
the use of sweep. The fact that these tests did not show any significant
gains for the swept propeXller may have been due to insufficlent amounts
of gweep lncorporeted in the propeller design. In eddition, in the case
of the wind-tunnel tests, the propeller~section speeds were not high
enough to show the beneficlal effects of sweep.

As a result of these preliminary tests a swepthack-propeller program
was lnaugurated by the National Advisory Commitiee for Aeronautics. One
phage of the program included tests of two swept-propeller models and a
comparable straight propeller in the Langley 8-foot high-speed tunnel,
These two swept propellers differed only in pitch distribution and were
deslgned to yield the highest poseible efficlency at the highest poseible
speed, as described in reference 4. The sweep of these propellers was
1!-50 at the design redlus station. The results of these tests are reported
in references 5 and 6. The other phase of the NACA program was tests of
e full-scaele swept propeller and two related stralght propellers in the
Langley 16-~foot high-speed tunnel. The full-scale propeller differed
from those tested in the Langley 8-foot high-speed tunnel in that it was
designed to operate at moderate power and speeds. This paper presents
the results of the tests in the 16-foot high-speed tunnel and a brief
description of the design of the propeller blades.

SYMBOLS
B blade width parallel to resultant air stream at the design
condition (chord), feet
Cp . power coefficient @/pn3D5)
Cp thrust coefficlent (T/pnle")
Crp* elemental thrust ;:oefﬁ.cient
Clg deslgn section 1i1ft coefficlent
D propeller diameter, feet
h blade-gection maximm thickness, feet
J advance ratio (V/nD)
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advance ratlo for CT =0

alr-gtream Mach number

3
helical tip Mach number <Mﬁ + (%) )

propeller rotatlon speed, revolutions per second
power, foot-pounds per second

propeller-tip radluas, feet

radius to & blade element, feet

thrust, pounds

veloclty of advance, feet per second

fraction of propeller-tip radius (r/R)

blede engle, degrees

blade angle at 0.7 tip radlus, degrees

angle whose tangent 1s the ratio of dreg to 1ift

s )
efficlen d
= (e
sweep angle .for design condition (see reference L), degrees

alr density, slugs per cublc foot

aerodynamic helix angle at 0.7 tip radius, degrees

APPARATUS

Propeller Dynamometer and Burvey Rake

The tests were made with a 2000-horsepower propeller dynamometer in
the Langley 16-foot high-speed tunnel, A complete description of the
dynamometer i1s conteilned in reference 7. A photograph of the dynamometer
in the tunnel test section with the sweptback propeller installed l1ls
shown as flgure 1. A total-pressure survey rake wes installed behind
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the propeller, as shosm in figore 1, to measure the radial thrust load
distribmtion on the propeller blades. - ‘

Propeller Blades

Gemeral description.- Three two-blade propellers were designed and
tested &t the Langley foot high-speed tunnel. One of the propellers
incorpormted sweepback. The other two propellers had stralght blades
wvhose deslign parameters were related to those of the sweptback blades
for comparison of the aerodynamic characteristics. The deslign condition
for all the propellers, chosen to obtaln supercritical section speeds
and to obain the theoretically optimum value of blade-angle setting at

the demign radins for maximm efficiency, that is, Bg, 7or = fo.70R = 45° - %,
was an sfvance ratio of 2.0 at a hellcal tip Mach number of 1l.1l. The
values of section speeds and the extent of the blade radius operating at

supercritical speeds were limited by the maximum tunnel speed and rota-
tional speed obtalnahle.

The blades were made up of HACA 16-series alrfoil sectioms and the
radial thickness-ratio distributlon wvas the same for the three propellers,
being 6.2 percemnt at the design radius. The sectiaons of the swept blades
were pasitioned In the blades such that they lay in a plane which was
perpendiculsr to a radlal line drawn from the axls of rotativm to the
centroid of the section.

The pitch distribution was the same for the three propellers and
was such thet the chord line of each section lay in a plane parallel to
the resultent sectlon veloclty corrected for the induced flow for the
- deslgn sdwamce ratio, J = 2.0. The Induced flow was calculated according
to Goldetein's theory for straight propellers. The three propellers had
a distribotion of width and 11ft coefficlent so that they would have the
Betz lomiing for minitwnm induced energy loss when operating at the deslgn
conditiom. The three propellers were 10 feet In dlameter at the design
blade-angle setting, and were of solid-aluminum-alloy comstruction (T6S-T-61).
Blade~forn charactexristic curves for the three propeliers are presented 1n
figure 2 snd a photograph of the blades is presented as flgure 3.

S beck blades.—- The sweptback propeller 18 deslgnated as the
NACA 10-51.7"@’-057—27 depign and in the figures of the preseant paper
is notef as propeller I. The diglts In the designation indicate a 10-foot-
diameter propeller with the "following design parameters at the O,TO-radius
station: section design 11ft coefficient of 0.17, thickness ratio of 0,062,
solidity of 0.057 per blade, and sweepback of 27°.

The bhiades of the sweptback propeller were swept 1n accordance with
simple imfinite-span-wing sweep theory, so that theoretically all the

LN
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swept sectlions reached the critical speed simmltaneously at the design
condition., The equation of the curve of sweepback was derlved by using
the following design perameters: Critical Mach number of the blade
sections (M., =.0.80), propeller rotational speed (2,000 rpm), and design

advence ratio (J = 2.0). BSweepback wes provided outboard of the radial
station (ﬁ = 0.56) where the unswept section critical Mach number wes

reached at the design condition. The locus of the points of minimum
pressure for the sectlons was originally chosen to define the sweepback
angle, The stress computations were simplified, however, by actuslly
applying the sweep curve to the locus of the section centrolds which 1s
practically the locus of points of minimum pressvre for the sectlons,
The radilal distribution of the sweepback 1s shown In figure 2.

An arbltrary curve of sweepforward was epplled to the locus of the
centroids of the inboard sections to offset completely, for the design
condition, the large bending moment at the blade shanks caused by the
centrifugal forces acting on the sweptback sectioms. Although the sweep-
forwvard slleviated the high bending stresses due to the sweepback for the
shanks and the inboard sectioms, high bending stresses still existed on
the outboard or sweptback sections and were highest at the tralling edge
of the section at the knee of the blade. In order to relieve the stresses
at the knee, the chords of the sections were arbltrarily increased so
that the velue of the maximom stress on the blade finally achleved was
25,000 pounds per square inch. The large chords necesslitated by structural
conslderations required the uge of relatively low values of design 11ft
coefficient for the blade sections because of the limited power avallable
in the dynamometer. For the values of 1ift coefficient used, the 1lift-
drag ratlos for the sectlons were relatively low and were far from the
optimum values that could have been used had the power avallable been
sufficient,

The stresses in the upper and lower surfeces of the swept blade
sections were eliminasted by the method described in reference 8. This
method resulted in the blades having a small amount of dilhedral. The
introduction of dlhedral Into the structure tended to change the sweep
angle's‘slightly, but by adJusting the inltlel values of sweep angle 1t
was possible to maintain the design values of sweep after the correct
amount of dlhedral weas applied.

Straight bledes.~ The stralght blades were deslgnated NACA
10-(1.75(0525-051 design and NACA 10-(1.5)(062)-05T7 design and in the

figures of the present paper ere noted as propellers II and III, respec-
tively. From elementary sweepback theory for wings 1t was determined

that the 11t coefficlents of the sections on the swept blades would be
directly proportionasl to the cosine of the sweep angle. It was necessary
therefore, in order to maintain the same loading on the swept blades and
the straight blades, to adjust the values of the sectlon 1ift coefficlents
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or the sectlon chord lengths of the sections on the streight blades. In
the case of the NACA 10-(1.T7)(062)-051 blades the section design 1lift
coefficlents were the same as those for the swept blade but the chords
were reduced from the values for the swept blades by the cosine law,
vhile in the case of the NACA 10-(1.5)(062)-057 blades the section chords
were the same ag for the sweptback bledes and the section deslign lift
coefficlents were reduced by the cosine law. In this way the design
loading for the three propellers was the same.

TESTS AND REDUCTION OF DATA

Scope of tests.- Thrust, torque, rotational speed, and wake pressure
meggurements were made for each of the three propellers at blade angles
of 20°, 250, 30°, 359, 40°, 45°, 50°, 55°, and 60° at the O.TOR (42-inch)
station. A constant rotational speed was used for each test and a range
of advance ratio was covered by changing the tunnel alrspeed, which weas
varied from about 60 miles per hour to 460 miles per hour.

In order to cover a range of tip Mach number, the tests were run
at rotationsl speeds of 1,1%0, 1,350, 1,600, 1,680, 1,800, 1,900, 2,000,
and 2,100 revolutions per minute. Because of the limited torgue avallable,
however, high rotational speeds were not run at high blade angles and for
thls reason high tlp speeds were obtalned by operatlng the tunnel at con-
stant high values of alrspeed and varlable dynemometer rotational speeds.

The values of tip Mach number obtalned in the tests covered a range
from 0.55 to 1l.15. Teble I shows the propeller operational range covered
together with the numbers of the flgures in which the test data are
presented.

Tares and aerodynamic data.- The spinner tare forces and the pro-
peller aerodynamic forces were determined as described in reference 7.
The shape of the sweptback blades caused the dlameter of the sweptback
propeller to change when the blades were turned 1n the propeller hub.
The propeller diameter was 10 feet at the design blade angle of L45° and
increased as the blade angle was reduced, or decreased as the blade angle
was Increased, from the deslgn angle. The dlameter of the sweptback
propeller is recorded in table I for each blade angle tested and is the
dlameter used in the computation of the propeller aerodynamic coeffliclents
for the sweptback propeller.

Wake pressure measurements were made during the tests to determine
the thrust loading on the blades. The survey rake was placed 16.5 inches
behind the center line of the propeller hub at an angle of 105° from a
vertical center line measured in & counterclockwise direction when looking
downstream in the tunmnel, as shown in figure 1. The relatively large
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dlstance of the reke downstream from the propellexr-hub center line was
necessary in order for the sweptbeck-propeller tip to clear the rake
tubes at the higher blade angles. The rake consisted of 19 total-pressure
tubes located inside the slipstream. No attempt was made to obtaln
torque data by slipstream measurements.

Wind-tunnel Iinterference.- All date presented have been corrected
to equivalent free-alr condltioms by the application of the Glauert
tunnel-wall correction (reference 9). The correction smounted to a
change in the tunnel indicated veloclty of 2 percent at low tunnel speeds
and was negliglible at high speeds.

RESULTS AND DISCUSSION

The sercdynamic data obtained during the tests are presented 1in
figures 4 to 36 as falred curves of thrust coefficlent, power coefficient,
propeller efficlency, air-stream Mach number, and helical tip Mach num?ner
plotted agalnst propeller advance ratio. Discontinuities in the Mach
number curves are caused by changes In the tunnel temperature which
occurred from day to day.

Envelope efficlency.~ A comparison of the envelope efficilency for
the three propellers is presented in figure 3T for each test rotationsl
speed. In general, the three propeller curves have a high level of
efficlency and show a difference between the three propellers of less

than about 2% percent over most of the renge. The swept propeller has

e lower level of efficlency at the lower values of rotationel speed than
the stralght blades and & higher level of efficliency at the higher rota-
tlonal speeds. Of the two stralight propellers, the wlder blade propeller
with the lower values of section design 1ift coefflcient was generally
less efficlent at all rotational speeds than the narrower atra.ight

propeller.

As structurel considerations required a large blade width for the
swept propeller, relatively low values of sectlion deslign 11ft coefficlent
were requlred because of the limited power end rotational speed of the
dynamometer. As a result of this consideration, the sectlion lift-dreg
ratios and consequently the efficlencles were lower than the maximum
attainable. The efficlency of the stralght propellers was also lowered
by this comslderation as these propellers were closely related to the
swept propeller for the purpose of comparison of performance.

Effect of compressibility on meximum efficlency.- By plotting th:e
envelope curves of flgure 37 against the propeller helicel tip Mach number
another envelope can be drawn over the original envelope curves as shown
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in figure 38 for the three subject propellers. Plots of this kind afford
8 comparison of the maximim efficlency obtalnable with the respective
propellers over a speed range. A comparison of the emrelope is made in
fligure 39. .

Flgure 39 shows that at subcritical values of Mach number the swept
propeller 1s slightly less efficient than elther of the straight propellers.
The higher-cambered, narrow, straight propeller-is the most efflclent in
the low speed range with the swept propeller about 1 percent less efficlent
and the lower-cember, stralght propeller about 1/2 percent less efficlent
gt a hellcal tip Mach number of about 0.75. At a helical tip Mach number
of 0.95 the three propellers attalned the same values of efficlency.

At helical tip Mach numbers Just above 0.95 the swept propeller
sustalned a gradusl loss 1n 1ts subcritical level of efficiency while the
straight propellers suffered eppreclably greater losses. At a helicel
tip Mach number of 1.10, however, the slopes of the three efflclency
curves are about the same, the swept propeller being about 2%» percent

more efficient than the stralght propellers. 'The two stralght propellers
have about the same value of efflclency at hellcal tip Mach numbers
above 0.95. It thus eppears that sweepback offers some delay in the adverse

effects of compressibility.

Resulte of tests of an NACA 10-(3)(062)-Oh5A propeller (reference 10)
are also shown in figure 39. The NACA 10-(3)(062)-~OL5A propeller had the
same thickness-chord ratio as the three propellers of the present program
at the design radius but was narrower, vwhich allowed the use of a deslign
11ft coefficlent of 0.30. As a design 1ift coefficlent of 0.30 1s closer
to the optimum for mexdmum lift-drag ratic for lé-series sections, higher
efficiencies than that of the three related propellers were cobtalned at
low tlp speeds as shown by figure 39. This propeller is Just as efficient
as the swept propeller in the range of tip Mach number beyond 0.95.

It seems clear, however, that a swept propeller could be made to

have greater efficlency than the NACA 10-(3)(062)-O45A propeller at tip
Mach numbers above 0.95 at about equal power 1f the dlameter were reduced
to permit use of more nearly ldeal blede-sectlon cambers. Such a procedure
could not be used for these tests, however, because of the limitation in
rotational speed of the dynamometer. It thus eppears that careful atten-
tion should be given to the specifled deslgn operating conditions 1f any
advantage is to be gained by using a swept propeller in lleu of-a stralght

propeller.

A clear indication of the delay in compressiblility loss due_to sweep-
back 18 ¢ 3 given by plofs of maximum e efﬂc’iency egeinst tip Mach number for
gﬁ"é—n values of blade-angle setting as shown in figure « It 18 evident
that the la.rgest delay was obtalned when the blades were set at the design
value of 45° » the amount of delay in the onset of compressibllity losses
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diminishing as the blade sngle wes increased or decreased from the design
velue. )

For the design blade engle (45°) the tip Mach number for the effi-
clency break for the swept propeller was sbout 6 percent higher than the
value for the straight propeller. Thls increase is only about 30 percent
of that predicted by the simple sweep theory and is of the order of megni-
tude of results of propeller tests reported in reference 5. Discrepancles
between the simple theory and experimental results have also been observed
in the cese of wings, although not of such large magnitude. Some of the
lack of agreement between the theory and experiment ln the propeller tests
is probably due to the radlal flow of the boundary layer, a radial Mach
number gradient, end the effects of the propeller-tip relief., All these
factors affect the blade section serodynamlc characteristics and are not
accounted for In the simple theory.

Effect of gweep on power coefficient.- The curves of figures 39 and
40 11lustrate the effects of sweep on maximum efficlency only and do not
meet the design condlitions of equal power absorption of the three pro-
pellers. The differences in power of the three propellers are shown in
figures 41 eand 42. Figure 41 shows the variation of power coefficlent
with helical tip Mach number for the three propellers when operating at
the deslgn velues of blade-angle setting and advance ratio. It is shown
in figure 41 that the sw_%pt gropeller absorbs considerably less power
than do the stralght propellers. B occurrence is probably
CEUGSEed by GHE tTendency or the swept blades to turn into the plane of
rotation due to centrifugal forces acting on the swept sections and thus
causing the gwept blades to operate at lower blade angles. Though most
of the moments occurring in the swept blades have been eliminated for
the deslign condition of operstion in the design of the blades, the moment
about the pitch-change axis cannot be reduced below a minimum value which
1 falrly great 1n comparison with the moment about the pltch-change axis
of an unswept propeller (reference 8). Evidence of the large magnitude
of thils torsional moment was observed during the testing of the blades
when special preca.utionsl were requlred to keep the swept blades from
turning in the propeller hub to a lower value of hlade angle than that
set for the test.

The deta of figures It to 36 indicate that a shift in the value of
advance ratlo for zero thrust occurs due to sweep. Figure 43 shows that,
as the blade engle is Increased, that is, as the swept portions of the
propeller blades are turned farther from the plane of rotation, the
differences in the value of sdvance ratio for zero thrust between the
swept blade and the straight blade become greater. Also, &t eny given

lrne speciel precautions conslsted of sprinkling carborundum dust between
the propeller shanks and the hub barrels before clamping the blades in
the hub.
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blade angle, the difference becomes greater with lncreassing rotational
speed. These facts indicate that eppreclsble torsional deflection of
the swept blades occurs in a directlon so as to reduce the aerodynamic
load (power coefficient) of the swept propeller relative to the straight
propellers.

A1l of the differences-in power ebsorption shown in figure 41 may not
be due to deflection of the swept blades as indicated in figure L2 where
power coefficlent at maximum efficlency for the three propellers is plotted
against hellcal tip Mach number for the deslign blade-angle setting
(Bo. TOR = 450), Figure 42 shows that when operating at meximum efficiency
the swept propeller absorbs less power than the straight prqpellers.

When operating at the design condition (fig. 41) the swept propeller
attelned only 50 percent of the design power coefficlent due to serodynamic
losses and blade deflections, while the straight blades absorbed close to
100 percent of the design power. Both the small delay in the adverse
effects of compressiblility and the fallure to attain the design value of
power coefficient Indicate that the simple cosine relation used for pre-
dicting the effect of sweep ls not campletely adequste.

To obtein comparable power-absorption properties with the gtraight
blades, the section design 1lift coefficlents or the dlameter of the swept
propeller should be increased. An increase of the section design 11ift
coefficlent would be the advisable alternative since a higher design 1ift
coefficient would result in better values of section lift-drag ratio.

Constant-power propeller operation.- Because the swept and straight
propellers absorbed different amounts of power when operating at the
same conditions of advance ratlo,. blade-angle setting, and rotational
speed, the efficlencles of the three propellers are compared for given
values of power coefficlent in figure 4i. From figure 4 it 1s readily
seen that the use of sweep in the present design did not improve the
efficlency 1n the high speed range by any significant amount except at
a power coefflclent of 0.05 at the highest tip speeds. In most cases
the swept propeller 1s inferlor to one of the straight propellers.

Of the two stralght propellers, the lower-cambered propeller is the
least efficlent iIn the higher range of propeller rotatlonal speeds. In
the lower range of rotational speeds the efficlencles of the streight
propellers are within 1 percent to 2 percent of one another.

Effect of sweep on propeller-blade loadlng.- Wake pressure measure-
ments were made simulteneously with the force measurements during the
present tests to obtaln information on the effect of sweep on the propeller-
blade loading. The position of the survey rake during the tests was such
that accurate values of absolute thrust were not obteined, but any com-
parlison of loadings along the blades will glive accurate differences 1ln the

values of elemental thrust.

oy
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Comparison of the thrust loadings are presented in flgure 45 for
several values of propeller-tlip Mach number for a glven value of propeller
power coefficlent at the deslgn blade angle. The loeding on the inboard
sections of the swept propeller 1s higher than that of the straight pro-
pellers through the entire speed range tested. 8Since the swept propeller
absorbs less power at a given value of advance ratio, 1t is necessary to
operate the swept propeller at s lower value of advance ratio to attain a
glven value of power coefficlent at a glven blade-angle setting. The
lower values of advance ratlio and consequently the higher values of sec-
tion geametric angles of ettack on the unswept inboerd sections (any sweep
of less then 10° cen be considered ingignificant) cause the inboard sec-
tions to produce higher loedings. The higher thrust loadings for the
swept propeller in figure 45 are due to the dlfferences in the value of
advance ratio for the straight and swept propellers.

At values of tip Mach number above 0.95 the swept propeller maintains
1ts low-speed loading on the outboerd sections while the straight pro-
pellers suffer compressibility losses on the outboard sections. A. glance -
back at figure 44 shows that at values of rotational speed close to those
of figure 45 the efficliency of the swept propeller is very little if any

' higher than that of the stralght propeller when the propellers are come

pared et equal velues of advence ratio and power coefficlent. It 1s
therefore evident that sweepback can be utilized to delsay the onset of
adverse compresslbllity effects of propeller sectlons.but that careful
anslysis and deslign procedure are essential 1f the over-all propeller
performance 1s not to be lmpalred. .

General remarks.- The results of the present Investigation show
that the swept propeller offers liftle serodynamic asdvantage over &
atrai%t propeller., ermore when the 8ilgn and fabrication conq:lica.—
tlons olve h a swept propeller are consldered, any advantage for
the swept propeller appears even smaller. Some of the factors to be con-
sldered in determining the relative merits of swept propellers and stralght
propellers include the posslibllity of increesed weight of the swept blades,
larger pltch-change mechanism to counteract the larger twilsting moments
of the blades, the presence of unavoldable high stresses which require
high~strength alloys, and the difficulty of manufscture. In addition,
for a glven propeller installatlion, the higher stresses encountered in
a swept propeller blade will require thicker sectlons then would be
required by an unswept blade design with the result that any advantage

echleved by the use of sweep 1s partly mullified by the requirement of
relatively thick blade sections.

In general the resulta of the present investigation show that &
stralght-blade propeller wilith its relative ease of design and manufacture

should be ca.reﬂ:.]_'l.y considered before belng dlscarded In favor of a swept
propeller.
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CONCLUSIONS

Tests in the Langley 16-foot high-speed tunnel at forward Mach numbers
up to 0.65 of the NACA 10-(1.7)(062)-05T-27 swept propeller and two related
straight propellers lead to the followlng conclusions:

1. The value of helical tip Mach number at which the adverse effects
of compressibllity on propeller efficiency becaome appreclable for the swept
propeller was 6 percent higher than for a related straight propeller;
this 6~percent delay was only 30 percent of that predicted by simple
sweep theory.

2. When operating et the design condition, the power absorbed by the
swept propeller was only 50 percent of the deslgn power coefficlent while
the straight-blade propeller absorbed close to 100 percent of the power
coefficlent for which the propeller was designed.

3. At equal values of power cocefflclent the swept propellier was no
more efficlent then the stralght propellers except at a low value of
power coefflicient at values of helical tip Mach number above l.0.

4, Total-pressure surveys in the propeller slipstream indicate that
at supercritical section speeds which result in total-pressure losses for
the sectlons of conventional stralght-blade propellers, the outboard
sections of the swept propeller operate with subcritical effectlveness.

Langley Aeronauticael Laboratory
Natlional Advisory Cammittee for Aeronautics

Langley Fileld, Va.
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TABLE I
SUMMARY OF TESTS
Flgre|  ioecq | Tunnel Blede angle et 0.70 radius, Bo, 7om
(rpm) [oPeed, M (aeg)
NACA 10-(1.7)(062)-057-27, propeller I
y 1nyo Varied 20 25 30 35 ko L3 50 55 6o
5 1350 Varied 20 25 30 35 Lo 45 50 55
6 1600 Varied 20 25 30 35 Lo L5
T 1680 Varied b5
8 1800 Varied 35 4o 45
9 1900 Varied ko
10 2000 Varied 20 25 30 35 ko
11 2100 Varied 20 30 35 4o :
12 Varied 0.56 y5 50
13 Varied 0.60 45 50
h Varied 0.65 50 60
Propeller diameter, ft 10.10|10.09]10.07]10.05]10.03][10.00|9.97 |9.94 |9.91
HACA 10-(1.T)(062)-051, propeller IT
15 1140 Varied 20 25 30 35 Lo 15 50 55
16 1350 Varied 20 25 30 35 40 45 50 55
17 1600 Varied 20 25 30 35 4o 35
18 1680 Varied 15
19 1800 Varied 35 JTs) 45
20 1900 Varied 40
21 2000 Varied 20 25 30 35 ko
22 2100 Varied 20 25 30 35 Lo
23 Varied 0.56 45 50
2k Varied 0.60 L5 50
25 Varied 0.65 50 55 | 60
Propeller dlameter, £t ilo.oo 10.00|10.00|10.00[10.00}10.00|10.00| 10.00] 10,00
FACA 10-(1.5)(062)-057, propeller III
26 1140 Varied 20 30 35 4o y5 50 55 60
27 1350 Varied 20 25 30 35 Lo k5 50 55
28 1600 Varied 20 25 30 35 T} 45
29 1680 Varied 5
30 1800 Varied 35 40 45
31 1900 Varied ko
32 2000 Varied 20 25 30 35 ho -
33 2100 Varied 20 5 30 35 ko
34 Varied 0.56 . L 50
35 VYaried 0.60 45 50
36 Varied 0.65 50 55 60
Propeller dismeter, ft 0.00{10.00{10.00 |10.00{10.00{10.00}10.00]|10.00|10.00
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Figure 3.- Propeller blades used in sweep investigation.
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Figure 8.- Characteribtics of NACA 10-(1.7)(062)-057-27 propeller; 1800 rpm.
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Figure Lk.- Characteristics of KACAGIO—(l.T) (062)-057-2T7 propeller;
) M = 0.65.



Thrust coefficient, Gy

H 2R o » R
£ U EE : -' Ak e
E: H =
| = [
— 14
; i
6
e 550 i =
e i z| B
e
1] T q
P T
i =) e
i
: 3. =
(L2 [+
i'F I’

.Advance ratio, J_

(a) Thrust coefficient.

q R S MO W R e I Y =F b - 3 54 K)o = B A i Ll = 1 ES
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

Figure 15.~ Characteristics of NACA 10-(1.7)(062)-051 propeller; 1140 rpm.

GOrogT W VOVN




r

NACA RM L50J05

dy  juep

L

o °
14J802 Jemod

Advancs ratlo,

(b) Power coefficilent.

Flgue 15

k5

1140 rpm.

- Continued.



1.0

N

]
[:;]

Etfficiency,

Figure

1.8 . S
M- r i3

Advance rotio, J

(c) Efficiency.

15.- Concluded. 1140 rpm,

14

o

GOLOGT K YOVA




)

-—

Thrust coefficlent, Ct
ra

o

T

T

& -1

6

8 10 12

4 1.6

I8 20 g
Advance .ratio, J

2 24 26 2B 30 32 34 35 38

"(a) Thrust coefficient.

- L] '
C i K i y [ ol
l' N t] .-l":d ‘I{.LL[ Jﬂ i A=k r' 5]
J ‘.1!
]
1R 4
N - N - 9
o B o ki H
'.E . A1
oy . i 7 - P
= H = I a i
= '.r" - L "
i " PR L] W
DR MR RAYS | '
r N A A [
-l - - I : HMNN
. i (1 % I EEdT N
- - ! ! - :
R 4 p
T f "" I ' I:.I-—
. [ v .
- 1 o W . '\-'
- Y : i T AL
E: o . T HIGTY I 7 E [ 4
i I ; : H 'jr L ..,'
T n D B m i .."a 5
" a : 2 PEREMET
A T > . Lt i TEL AL
3 " - prir-Li
i A b Pl
w ¥ {17 =]
r A K
- T T 1% =
1 : ' - L
] - ] Lol B -
:.Jgﬂ_ ] ik ny
L [T A2 - h £ v
i H £ ] [
: : : } e
A i 1Bl oy
- .‘. \ :W
E i‘ T .

Figure 16.- Charecteristics of NACA 10-(1.7)(062)-051 propeller; 1350 rpm.
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Figure 19.- Characteristics of FACA 10-(1.T)(062)-051 propeller; 1800 rpm.
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Figure 28.- Characteristice of NACA 10-(1.5)(062)-05T propeller; 160Q rpm.
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Figure 30.-~ Characteristics of NACA 10-(1.5)(062)-05T propeller; 1800 rpm.
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Figurﬁ 33.- Characteristics of NACA 10-(1.5)(062)-05T propeller; 2100 rpm.

Ii.:
. - ' (] T3 F 3 1
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

GOroS'T W VOVN



L] & y ™
.
TIT4.0 (] MENH -1 b JTEHEL-EH-I VT
B p 14 + 1 |~
£ - r f] - 1 - - -1 1~ -
L z
— —t 4% ] =
- i
kb1 H I LI L R _1
QARLE 4 - -F3 T M ™~
°F g . - 1 = 1 . Y Sy -
e 4. 73] | ERCHITEN
; L 1 " . .
- - T -
L] i 1
x = o .
1 N 1
" o m ] = b ] J44. L)
‘ﬂ F I - f b HN
. 'l
-l 1 [~

&

ent, Cp,

Powar cosffic

(=]
@D

.- ] - -—-‘-
H s " - JdJ LT T3]
2 L 1 1. T T LT
- nEMEEER 1 i
b T o g T ] T -
.- _] L i Ly - N
] e O 4!—_ .'Ir-- I :" - -1+
ol i L Lt - o L - b= NN
[ " N YA EMTHEELR EHTEELN
' L ARG riLsdaeansEraEl
A J1E . FRNLER 1,
N E 4k 1410 U E - I3 |
T - 1 T T H -J'.L T R TL
T F v 2k oL vk EHal T [ W il
L ray = | -1'F b- 1 Lop_Fih ] “F =] 3 T
1. L 4 1, - HE k= ii- ] 1 '1'-_ M i [~ o J* ‘|-i L
AN T . iRRENFE K N - : EHEET

3 am SCIE e W T K R W : "

[ - ] NN PR . L3l F. 1
M 8T NG NN T S MG T SRR N RN £ AR A R N
a1 - B AL EHELEY L Taby R HENNAL RN ANE YEARA TR
A lr"r"' T U b R e e T - NEDCEE S

“H-w il i"-':' lrg s = ! T S U -
-I. Ll4 11 1, ‘l! 39 A3 '.‘ A 1) |- AN A
ALl eI TLT LT b T S 510 I L vl

0 12 14 16 |8 20 22

249 28 28 30 32 34 38 38
Advance ratio, J

(b) Power coefficilent.

Flgure 33.- Continued. 2100 rpm.

COPOGT W YOVM

cg



H s o ] 3 . T =
T c 1. -
4 el e = 1 = R [ = H
. Ay 1 [y =
|.ORFN : : o
- A - " s ~
9 : : i1
J] F 1 ] o T - -
T [} ..+ =
! L
N - :-_E A .
- Y
-=l|' BE | 3
o= 1 4 - = ) ._
T - 4 L
. 14

n
i
£7 T
o

Efficiency,

ST ,‘;II . - ! . et .
h ; il 5 . ! B
aE T, TR Ak L & TILCELTT 'H'sg
: : : aeraae T LR
| _:'; I'I - ™ H -
.2 E:-Illr 1. rll-! L I y 1' 1 .43
':Ai‘ Mook il . : ; AR JILRLT f (TR 2 _:.1.'_ TEE T GE
TP _;Lﬁ}—_t:;&_?r;:.;i e b AR e L T'.ﬁ-'.«ﬂ;aJ ¢ Ehdshidl g1ap]
" o & : . J —y = I - I Lk A hH = Aokt _H; ; _-_- 'L
. “T-1 %1 N . [k & ...| 2 FE — ¥ - L 3 ] -|. H-IrF. ==l H
o FIETL - N A R “_\m?o
. . . . X 8 24 28 30 32 34 36 38

Advance rotio, J
(c) Efficiency.

Figure 33.- Concluded. 2100 rpm.

" -

98

GOLroST W VOVN




y

NACA RM L50J05 TN, 871

@
1
i
]
|
to

»
i
-
®

=
T
]

IZir. i a e 6 12
tip

10 —

B
0
=
, —
Efficiency, 7)
)

.08

-

_._:L,,' - _...:.I -1t &
>
®

Thrust coefficient, G, and power coefficient, Cp

06 T - ‘ Air-stream

04 e R ST R e 4

i
1
|
por
i
1
A
Mach number, M

i
i : I . . : L ! ; -
N V0L DU NIO¥ PRNLONS S S S L A S T
e ' B . L : : H h :

e :“f‘-’_BO.TOR"""45° . . - 50° [y it
T T TR .

1.4 1.6 1.8 20 . 22 2.9 26 28 3.0
: Advance ratio, J

.02

igure 3k4.- Characteristics of NACA 10-(1.5)(062)-057 propeller; M = 0.56.



88 | R NACA RM L50J05

o

»

8 T A R A G VB Si il
[tFEERIERT ..|-'.{r .... .’..: : : cP
Helical tip : EaulAHTHGT

pu{] L O

o

Thrust coefficient, Gy, and power coefficient, Cp

»
Mach number, M

2.2 2.4 2.6 2.8 3.0
Advance ratio, J

Figure 35.- Characteristics of NACA 10-(1.5)(062)-057 propeller; M = 0.60.



'y

g
Q Q

W ‘Jequinu Yooy

| ]
L 'fouejpy3
@ -

5 O

& o

i 1

T x B = s PR T KD T A
£ I-1. N 1 o i g ..— ..d. r—. iu L AL g ]
r 5 ERMETH [ 25 T 1S i -
mE AESERAREAR LR A7 S st
- g " T - L s Bl .
Y 1 niE B =L RS ) R
b L. . = Lial J L
" - I uh o - ~al 1F _.n g
-1~ i = 1..]- B A A 1
Ml G o - = N - 5 f T :
- fa : [ 1 " E FEEr k=
3 - L] AE-3ThE
Y - | - £=F\T f
J - 4 1F. IAVOE - -
- s | =] - e 1 i A .
“1°r ) - IlETN 20 3
- 1.5 NINAEMAT .- - ) i, g
1 1. - = L T a1 1L il ]
. f: - = T T v
IEDOENE S . R 0 T 3
ﬂ T 1 - ﬂ.ﬁ: by
L L 1 ol
r..m. L ". y MK e i KR F
Gl a m._1| I
9 T X = L =5
b * -F 2L . 2
- r T1i - ta
2k - ] o - =1 M -
SorounRa e : At
=) ] .. r B

.n_O

ot

CIE ]

‘jueolyeon Jemod pun 'L ‘jueoiecd jenayl

24

-

= &

o 5 - =} ]
. LY g3 E, RE T T 1] =
3 i AT L DT B
o A5 WA ) A ochEShET i ﬂ-
2 K I8 7 R -*..* 5 23
HSEiNT Y o Pui Y = L. AL [ Y . AT .W..
EHE = E- - N ¥ 1 g
P L e e e T T e Ty e
F T IF 3 1. ] 1" AT T
LR b -1 L ‘\ -+ H g "
r i Ll T'EL'E LR = "
AIEEAN 47 b 3 = A . R g n] uW“
* -t . PEEAGn K v " [ -
] N ; EF T ] - - T
. . F i) -F. 1 1 EE N Al
= A EN 0 B
- I o 1 H . Rl "L}
T = = - o
=~ - I - jd 1
] 1 - FOEEL SR T
: v ik L= e
= . - T P
2 T r i m
R n : M E X LY {04l SN, St}
T 1 .1 CT- I . NS m )
HHE ! = .Minmi.#.. e
r T ; r T
_ =1 ] i+ umu...._..
R -1 E .. . ! W ﬂ?... w. L.
£ - uWi TTEr
e ] n al -
T = ] - ‘I i 3 I
D L™ -1 . [ T
2 ¥ L T~ T
] l FEENN ] H 3 El el
Lm I 1 [ HI I I T I Y I i n
M o

Advance ratio, J

Figure 36.- Characteristics of KACA 10-(1.5)(062)-057 propeller; M = 0.65,

89



90 <N NACA RM L30J05

10
[TTT . [T 11
9 | I ' [ [ » ) 40 RPM
Prop1 NACA 10-(L7)(062)-057-27
8 — — — Prop.II NACA I0-(.7) (062)-05| | i -
- - PropTl NACA 10-(L5) (062)-057 i
7[| lllllglllllgllll]llll’ =
10 (T T 111 : T1
[ 1350 RPM
-// g
4
8
Td
10 3
[T T T T 11T
' ol 1600 RPM
9 —
|
8;
= T
g 10 TT1]
& 8O0 RPM |
¢ 9 =y
4
2 B
g |
Ll
'° TTT
9 2000 RPM
T T b — 5 ~
8
7
'or [T
' 2100 RPM
9
8 [~
6= 4 B € 10 12 14 16 55 22 24 265 28 30 32 34 36 38

Advance ratlo, J

Figure 37.~- Comparison of-envelope efficiency curves for swept and unswept
propellers.



NACA RM 150305 o | 91

100

96 |-

92

NG
A

R
[
\\

10-(1.7)(062)-057-27

3
7
®
z
X

76

r2

100

|

\

92|14 =.%
P ||¢}0 RP& |

8

8

Envelope efficiency, 9
8
o)
o
/]
/
y

76

72

.00

96

S2

<1140 RPM P T —T~<—13507 Hl ~T1711800

B
N
N,
|

S

[

/

7
N W/

- Tei00 \#\

72 HEEEENEEEENS L
" %48 56 64 72 80 88 o1

Helical tip Mach number, M;

76 — ~ PropI,NACA |0-(1.5)(062) - 057 W

Figure 38.- Effect of helical tip Mach mumber on peak envelope efficiency.



SO, NACA RM L50J05

Prop. I NACA 10-(1.7(062)-057- 27
Prop.II NACA 10-(17)(062)-05I
——————— PropII NACA 10-(15)(062)-057

Peak envelope efficlency, ]

x X X % NAGA 10-(3)(062)-045A
.00
96
o _ﬁ’fg T 1 i * L
- *QQ-N —1 —]
88 \T\\
\ ]
84 \
- 1 1
805 6 7 8 9 1.0 L 12

Helical tip Mach number, M;

Figure 39.- Comparison of effect of -helical tip Mach number on peak
envelope efficliency for swept and unswept propellers.



NACA RM L50J05 ] 93

———— ——— Prop.] NAGAIO-(LT)(062)-057-27
———— _ PropIl NACAI0-(I7)(062)-035I
_________ PropIH NAGA [0-([5)(062)- 057

0

o = ~ T :_\A

. s A B

BozoRr30% 70R"25°
. . I
10
| | |
9 == —
8 5
ﬁo_mg'w BO.ZOR -Igf-

. T Tt
£
; T
i A== w
s o S
E Paror1 Po.7orR "4 )
g [ 11 111
£ .

1.0

9 h.,.:\\ -

“\\‘

8 BO.TDR'!PO } ﬁo =85°

7 T ] T e

4 5 B 7 8 9 1O LI 12 4 5 B T 8 9 LO L 12

Helical tlp Mach number, M,

Figure 40.- Effect of helical tip Mech number on maximum efficlency for
glven blade-engle settings.



ok Y NACA RM L50J05

18

16 /”" =X

. /
14 . /::1/’-N\\\ s
_Ad—=r=1 |
s L—"
// =]

12 —

10
S L7 ‘\\
E o8 <
S
:
° 06 RBo7ors 45°
g J=2.0
£ 04 ||

Prop I 10-(1.7)}062)-057-27
Prop I 10-(1.7X062)- 051
———————— Prop I lO-(15)(062)-057
W
°.5 6 7 8 9 1.0 LI 12

Helical tip Mach number , M}

Figure 4l1.- Variation of power coefficlent with helical tip Mach number

at the design values of advance ratio and blade-angle setting for the
three propellers.



NACA EM L350J05 SRS 95

8
16 / .‘.\
,’ \ ™
. ; I
4
\
14 ,’ o I i ¥ \\
) -" / \ ‘——-
—— — —— j
et | c——
\‘b_’
2 e

Q
S \
-~ Ny
|5
5 08
©
Q
[&]
’g 06
a.
04

Prop. I NAGA 10 - (1.7)(062)-057-27
Prop. I NAGCA 10-(17){062)-05I
Prop Il NACA [0-(L5)(062)-057

|

. @E.

S [ g 8 9 10 Il 1.2
Helical tip Mach number, M;

L

02

Figure L42.- Comparison of power coefficlent for maximm efficiency for
swept and unswept propellers. . B, TOR = 450,



96 Y NACA RM L50J05

16
14
. 45°
O.70R .
, ). /40
10 / d — 35°
/ _ P
- T F g
.‘.;,- 8 // |
g', / // // T 30°
L/ L~ T
I 6 /7A/ ‘///, =
-f;-" / )/ P 2_,5..._— 20°
;5 4 // // ]
2 7/ L~
- A=
S
< 2
(0] ) & .
1000 1400 1800 = = 2200

Rotational speed, RPM

Figure U43.- Effect of rotational speed and blade-angle setting on
difference in advence ratlio for Cy.= O between swept and

straight propellers.



LY

NACA RM L50J05 e ' o7

10 T T
|| ] | 1140 RPM
9 e e
Q
) \‘
N
7 a
\ K
-6 ~ .\\
AY
5
A3
4 —— _Prop.I NACA IO-(L7)(062)-057-27 S
—~—~———————Prop. I NACA 10-{LT)H062)-05I1
& S 1————PoeII NAGA 10-(15)(062)-057 N
) ERENEEREEEENEEEEN
g 4 B 2 16 20 24 28 32 36
8 Advance ratio,J
E 10 [ T : 1 B
9 1350 RPM
8 N
7 Vi }\
N
3
=
o 8 12 16 20 24 28 32 36
Advance ratio, J
LOr ] i (11
ol 1600 REM 1800 RPM
’ NN “\‘\
B 77 NN -
.7_ ' \\
N
6
o A 8 2 16 20 24 6 0 1 8 25
210 [T :
:§ 2 2000 RPM : 21
E n 4“" 1] \\ h e
8 N 9 ~N N
7 M 4 N \\
\\
4 8 12 16 20 24 4 8 12 16 20

Advance ratio, J - Advance ratio, J

(a-) CP = 0-05-

Figure 4k.- Comparison of efficiency et given values of power coefficient
) for swept and unswept propellers.




98 AN, RACA RM L50J05
——  — Prop | NACGA 10-{I7)(062)-057-27
— —  PropIl NACA 10- (ITH062)-05I
——— ——Propll NACA 10-(I5)062)-057
10
TTTT 1
i 1140 RPM
9 T
8 y. o ]
B
N
7 =
a3 10 14 18 22 28 30 34
Advanos ratio, J
10
T I T T 1] | 10 T [e00RRw
9 *|1350 RPM ]
— | /
87 8 v (1
7 h ¢
85 12 6 20 Z By 1z T L
Advance ratio, J Advance ratio, J
10
1] 10 T
a 1800 9 2000 RPM
- " E - & o
g' 8 5'5 =
7 £z 7
% 10 14 18 28 '6.4 8 12 18 20
Advanoe ratlo, J Advanos ratlo, J
10 8
L1 . - ng
7 -
9 2100 RPM 7 =
-] ~t AR
-"n' 4 = 5 \\ \,\ N
T 5 h Y
~
6 4 o~ X\ \\P
.5“ | = g - .32 1 _EE: g 5

(v) Cp = 0.10.

Figure 44.-~ Continued.

Advance ratfo, J



NACA RM L50J05 R

1.0 T T
a 1140 RPM
8 - =
N{ — —  Prop. I NACA 10-(17Y062)-057-2
T — —— Prop. Il NACA 10-(L7){062)-05I
6 ~——————Prop IT NACA 10-(IB}062)-057
NN EES
3 10 73 18 22 26 30 34
X : N L
o ) 1350 RPM
A~ .ﬁ [
8 I N
#
7
g 10 14 18 22 26 30 34
10 T
o i600 R
= g
£
N
5¢ 6 9 8 53 25 30 34
]
10 T1
o 1850 REM
8
/]
Tg 0 4 8 22 26 30 34
~ HEN [ 11
=065
8
9 i
20 24 28 3.2 36 rY) 44 a8

Advance ratlo, J

(c) Cp = 0.15.

Figure l4.- Continued.



100

Efficlency, 7

SONNRDEEEN NACA RM L50J05
10
9 = 4’_:?
b e
8 1
s ——————— Prop. I, NACA 10-(L.7)(062)-057-27 -
7 /] i —-———-—Prop.H NAGA 10-{1.7)(062)-051 _’:
. A —————— Prop.1I, NACA 10 -{1.5){062) -057
6 2] 111
4 1140 RPM
sV BN
6 10 1;4 1.8 22 26 30
Advance ratio, J
1.0
9 - '
» ’--— _;E&?
8 %
rotd
7 } /({/ [
6 b4
’ 1350 RPM
LT [ 1]
5 Yo’ 1.4 L8 22 26 30
Advance ratlo, J
1.0 ——
9
o — e e = S -
8 \st.
\\
N <
7
s M=0.65
5 " I I .
20 24 28 32 36 40 44

Advance, ratio, J
(d) cp = 0.20.

Figure k.- Continued.



RACA RM L50J05 G . 101

~—————— Prop. I NAGA IO-(I7X062)-057-27
—————————— Prop.IT NAGA 10-(17}(062)-051
—— ————— Prop.Il NAGA |0- (15)(062)-057

10
A [ 1]
s 1140 RPM
= ’ [~~~
8 . c.p-_25 . N
'/' .
7
y. ,/
. 7
“ [
5
Te}
[ 1 [
1350 RPM
.9 _— hoar
[
: B ' P Cp*
i,
] Z
6 A4
[ /’
L.
[ 1 [
1140 RPM
L N -
] =30
-~
7 a
6 ”
Ji
)74
a — 1 ﬂ
6 10 e G 22 26 30 - 34 38

Advance ratio, J
(e) Cp =0.25 and Cp = 0.30.

Figure Wk.- Concluded.



102 b NACA RM L50J05

9 10

10— - e
o8 ; ? f } N Az NG
Y 78 S A »0.90 N
06 : / _;'4 - \
7 A\ 4
e a il
: D;OPLS";I 5 a L'fp 1973 %Pzg
o2 o 217 isii
I 2ice iso2 N 2165 1500
. 111 TIITt
JO <
08 %% ASN e
A Y N A N
6 P M~ 0.95 AV M; =100 N
1 / //'1
s 27 ' /. \
4 f - Prop RPM . // Pop J RPM \
; 1 1987 700 1 (] 1 1ses 790 [
o2 o 2103 1680 7 I 2092 1779
- , I 2,22 662 I 2134 [748
$ HERN ]
& s 4--31;\
§ 08 I/IP/ \\‘ 144 - -.?‘\ \
@ /’/;,! \ \:\ A ’—" * \
£ o6 P My =105 RN X YV m=1o15 1 |\
rd - - 4 =
3 i : . 1/.' ] N
£ ol ¥ k) JARY \
w 474 Prop & RPM } 7 Prop ) RPM \
lf. gL % P 2
a8 K 2131 1934 4 T 2re7 l8vs
I Tl 1 I~
3 ..4 5 [ T 8 9 0
10 Radial station, x
o N
m P
[/ \ ‘\\ ————— Prop I, NAGA 10-{LT)(082)-087-27
06 P4 M=110 ; N1 \ —— ——— Prop. I, NACA 10-{L7}{062)-0B!
Y 7 . ] N e e Prop I, rfAcA 10-(1.B){082}- OBT
/ \
04
7 _ 0
J_ RPM
o2 u PP iome
y I 2090 937
| EENEE
6 T 8

3 & 5 ;
Radial siation, x

Figure 45.- Effect of helical tip Mach number on blade thrust loading
for swept and unswept propellers. By 70R = 45°; cp = 0.10.
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